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Abstract 
Patients with heart disease or undergoing therapy at home are in a desperate need of detecting ECG signals under 
normal living conditions for a long time. However, traditional ECG detecting systems require electrode contacting 
with the human body. The research in this paper is concerned with the development of a novel 
Ballistocardiogram(BCG) detection and processing system on FPGA without attaching any electrodes to the subject 
for monitoring health statues. The proposed system consists of two modules: a suitable BCG signal acquisition 
module, and a BCG signal processing circuit on FPGA accomplished for J-wave detection and heart rate calculating. 
To ensure the accuracy of the experiment, ECG signal and BCG signal were sampled at the same time, and the value 
of J-J intervals and R-R intervals were compared. An adaptive threshold method is implemented for J-wave detection 
on FPGA. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
     Traditional electrocardiogram (ECG) and heart rate (HR) are often used to provide the useful 
cardiologist information about the heart function state, which are often measured with electrodes placed 
on the skin of the patients. It will cause restraint and produce some psychological burdens to human body. 
In recent years, a physical vibration signal relative to mechanical activity of the cardiac function named 
Ballistocardiogram(BCG) is discovered[1]. It measures the vibrations caused by the strength of heart 
pumping out blood without any electrodes contacting the body. The vibrations have the same rhythm with 
the heart rate and would be an effective signal to inspect and evaluate the cardiac function.  
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       This paper present a novel insusceptibility detecting and processing system of BCG signal based on 
FPGA, which is composed of detecting acquisition module and FPGA signal processing module. This 
make it possible to evaluate the condition of the patient's heart even at home. We propose a J-wave 
adaptive threshold detecting method and also calculated J-J intervals for heart rate. To verify the 
rationality of the recorded BCG signals, we also recorded the ECG signal and compared the extracted J-J 
interval with the synchronous R-R interval.  
2. System Hardware Design 
     The proposed system architecture in this paper is shown in Fig 1. The BCG signal measuring module 
senses the BCG signals via the resistance strain weighting sensors, and performs signal pre-processing to 
amplify and then filter out noises. To transfer BCG signals to the FPGA embedded board, the analogy 
BCG signals are firstly converted to digital signals with an analogy-to-digital converter. The FPGA 
embedded board can process the BCG signal for some human physiology parameters, and then transmit 
these parameters or BCG data to PC through the serial port or to the remote server by wireless 
communication. 
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Fig.1. System architecture of the proposed BCG monitoring system 
BCG signals from the resistance strain weighting sensors firstly passes through a differential amplifier 
with gain of 9 avoiding the noises overriding the BCG signals, implemented by an instrument amplifier 
(AD8221), CMRR of 90 dB. For BCG signals are 1uv peak-to peak typically, an amplification of 106 is 
necessary to get useful physiological parameters such as heart rate and respiratory. This is performed by 
three grade amplifiers (ICL7650). Two of them are used to amplify the signal with a gain of 50, the third 
one is used to adjust amplification by the practical needs. For BCG signals are very weak, several filter 
circuits are designed. A fifth order Chebyshev low pass active filter is used to restrict the BCG signals in 
a band of 0.1-20 Hz after the first stage of amplification, the pass-band cut-off frequency, stop-band cut-
off frequency and stop-band attenuation are 20Hz, 50Hz, 45 dB respectively. The amplifier OPA2227 is 
selected for the lower pass active filter. And for avoiding 50 Hz components of BCG signals, 50 Hz notch 
filter is used twice. Finally, the DC isolation circuit is applied in the design to improve the capacity of 
DC-resistance. The proposed BCG detecting structure is shown in Fig 2. 
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Fig.2. Structure of the proposed BCG detecting module 
To transmit BCG signals to the FPGA embedded board, a analogy-to-digital converter AD1674 is used. 
The designed sample frequency is 500Hz. The12-bit parallel outputs connect with the general I/Os of the 
FPGA embedded board. BCG signal processing is implemented on a FPGA Altera DE II-70 board. 
3. BCG Signals Processing  
 A typical BCG signal and its components for one cardiac cycle are shown in Fig 3. Different peaks 
represent the different phases of the full cardiac cycle. The most characteristic J-wave describes the 
acceleration of blood in the descending and abdominal aorta, and the deceleration of blood in the 
ascending aorta [2].  
Fig.3. A typical BCG signal sample 
      In correspond with R-wave of the ECG. Therefore, once locating the J-wave of the BCG, the heart 
rate can be calculated by the J-J intervals without ECG signal. This paper presents a method of J-wave of 
BCG signal detection for calculating cardiac cycle, which is achieved as follows:  
      Determining the extreme maximal point of the acquired BCG signal by Wavelet Modulus Maxima [3] 
introduced in [4]; 
(a) Adaptive threshold selection: set t as segmenting threshold, 0w and 0μ are respectively denoted as 
selecting rising edge proportion and average amplitude; 1w and 1μ are respectively denoted as 
selecting falling edge proportion and average amplitude;  
2
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2
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If 1t t= the value of the expression (1) gets the maximum, then 1t  is the threshold value. 
(b) Save the location of all extreme maximal point of the recorded BCG signals J1, at which the value is 
greater than 1t .
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(c) To get rid of the noise near the point where J wave exists. J-J intervals of the normal man should be 
not more than 400ms, for 500Hz sampling frequency of the proposed experiment, the number of J-J 
intervals is about 200. So the last step we should do is to get off the fake J-wave peak as well as the 
unreasonable J-J intervals.  
4. Results  
(A) the accuracy detection of the proposed adaptive threshold method  
To test the reliability of adaptive algorithm, we take three groups of samples which consist of 20 male 
(B) and 20 female (G) and 5 patients (Z) with abnormal heart beat. Average the results and mark with B, 
G and Z separately. Recording 2096 data points of the BCG signal and synchronization of ECG, the result 
proves that adaptive threshold detection method greatly reduce the miss rate of J wave .The overall 
approach is better than the pseudo-period detection . 
Table 1. J-wave Extracted based on pseudo cycle detecting method and the method proposed 
Record Number  BI B2 B3 G1 G2 G3 Z1 Z2 Z3 
The actual number of J wave 6 6 6 4 4 4 5 5 5 
Pseudo-cycle method 6 4 3 4 3 2 8 6 3 
Adaptive threshold method 6 5 5 4 4 3 4 5 4 
The execution results of the algorithm are shown in Fig 4.This figure not only extracts the position of J 
peak (see the blue circles) but also draws the approximate threshold line(see the red line), furthermore it 
also marks the position of local maximum (see the red spots).  
Fig. 4. Detecting J-wave based on the proposed adaptive threshold 
(B) The rationality of BCG taking place of ECG 
In order to compare the J-J intervals of the BCG signals with the R-R intervals of the ECG, we 
measured BCG signals and ECG signals with the proposed hardware system at the same time. With  
Quartus II development environment, using Verilog HDL, the system structure and each child module 
hardware description are designed, such as PLL clock, signal processing, human-computer interaction 
module and top modules. In the end, compiled file was downloaded to Altera DE2 platform, the 
embedded logical analyzer Signal Tap II is used to observe the test results as Fig 5. The results show very 
good time synchronism. 
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Fig. 5. Oscillogram of the normal male detected 
Using the three groups of samples mentioned above, the mean of BCG during J-J intervals and ECG 
during R-R intervals can be measured separately .The results are shown as the following Table 2. 
Table 2. The mean of BCG during JJ and ECG during RR 
Recod
Numer B1 B2 B3 G1 G2 G3 Z1 Z2 Z3 
Mean
 B 
Mean
  G 
Mean
   Z 
JJ
       
0.9864 0.9981 1.0051 0.7086 0.8567 0.8374 0.6932 0.7012 0.8964 0.9965 0.8003 0.7636
RR  0.9865 0.9971 1.0051 0.7067 0.8565 0.8374 0.7456 0.7325 0.8967 0.9956 0.8002 0.7916   
5. Conclusion 
     This paper presents the BCG signals detection and processing system. We designed the BCG signal 
detection experimental platform and implemented signal analysis method on FPGA board. The recorded 
BCG signal in our experimental system contained main components (H, I, J, K, L, M, N) of the BCG 
signal. The waveform of the BCG has an obvious periodicity and the heartbeat period of BCG maintains 
the synchronization with the ECG. We did more study to realize the algorithm of de-noising and J-wave 
detection based on FPGA. The results showed the system is suitable to detect the BCG signal very well. 
This research work paves the foundation for developing physiological parameters monitoring embedded 
system in the future.  
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